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NATIONAL ADVISORY COM:ZIITTEE I'OR AZROUAUTICS
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for the
Air Technical Service Command, U.S. Army Alr IPorces
POWER-OFF TESTS OF THE NORTHROP NOM=-2
TATILLESS AIRPLAVWE IN THE 40- BY
80~F00T WIND'TUNNEL
By Viector I, Stevens, Jr., and Gerald M. McCormaclk

SUMMARY

The Northrop N9M-2 airplane has been tested in the 40-
by 80-foot wind tunnel to evaluate the airplane éfficiency
factbor and to investigate the characteristics of the acro-
boost in the elevon control system, leager flight-test re-
sults had indicated a low airplane efficliency factor; how-
ever, the test results reported hereln indicate an airplane
efficlency factor of 0.30 for the airplane in the clean
configuration at a test speed of 100 miles per hour. Thils
value compares reasonably well with those obtained on con-
ventional airplanes.

The aeroboost system appeared satisfactory, although
modifications are necessary to fully utilize the balance
pressures available, The ineffectiveness of the system was
traced to leakage within the acroboost valve. It 1s esti-
mated that when the leakage can be climinated, the range of
elovon deflections available by aerobcost will ve increased
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about 70 percent.

Valve-chatter tests indicated that the chatter was not
severe and that a valve spring with the proper preloed should
remove any tendency for chatter except possibly at very high
flight speeds. In the pilot'!s opinion, the aeroboost was
sufficlently perfected to allow flight tosts of the N9lM-2

without incurring any undue risk.

INTRODUCTION

The Northrop NO9M-2 airplanec 1s a flying model of the
proposed XB-35 airplane. Small-scale wind-tunnel models of
the XB-35 have previously been tested to obtain the gencral
airplane characteristics (refercnces 1 and 2), The purpose
of the wind~tunnel tests of the N9M=Z2 reported hercin was
(1) to evaluate the airplane cfficiency factor which was rc-
ported from meager flight-test data to be low, and (2) to
determine the characteristics of the acroboost in the elevon

control system.

Bocouse of the size of the XB-35,a boost will be neoded
in the clevon control system to bring control forces within
the desired limits. The aeroboost system was designed by
Northrop Alreraft, Inc., and installed in the N9M-2. Sinco
the aeroboost system was new and little information existed
concerning its characteristics, wind-tﬁnnol tegts werc de-
sired prior to actual flight tests to indicate thc safcty
and adequacy of the balance system for use in flight and,
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further, to indicate possible improvements.
DESCRIPTION OF AIRPLANE

The NOM-2 airplane i1s a flying model {(approx. 35-pcr-
cent scale) of the proposcd XB-35 flying-wing bomber, but
differs from the XB-35 in that it is propelled by two pusher
propellers rather than four. Figure 1 presents a throe-view
drawing of the N9M-2, and figure 2 shows the airplane mount-
ed in the tunnel. Notable gcometric characteristics of the
wing are high taper and sweepback, pitch flaps near the wing
tips to trim the airplane when the landing flaps arc deflocte
ed, and true-profile elevons which may be movod togcther as
elevators or moved differentially as ailerons. The basic
dimensions of thc airplanc arc given in table I.

The elevons are provided with an aeroboost system to
reduce control-column forces. In figurc 3 are precsonted

schematic diagrams of thc acroboost ducting system and con-

trol linkage. As will be noted from the diagrams, any dif-
ferential movement between the control column and clcvon,

produced by the elevon rcsisting the control-column movcmont,
actuatcs the valve. The valve then directs impact pressurcs

from the scoop, and static pressures from the exit, to tho
balance chambers, in order to balance the external air
forcos on the clevon. The elevon control systom 1s provided
with a follow-up mecchanism which zives direcct pilot control
over the clevon after the valve has rcached its open or

e e ]



4 ST DTN BT AL MR No. A4Ll4

closod limit. Thus, if a fully open or closed valve docs
noet provide sufficient pressure diffeorential between the
balance chambers to enforce the dosired elovon movement,
the follow-up mechanism automatically transmits any addi-
tlonal stick-force direcctly to tho clevon. Also, due to
the follow~up mechanism, the control-column position is

ossontially proportional to thec olovon deflection.
TESTS AND PROCEDURE

For the drag tests the airplane was mountcd as an alr-

foil is normally mounted in the tunncl. The mailn airplanc
support struts and angle~of-attack links wore attached to
fittings on the main spar and rcar spar, rcspectively.
Strcngth limitatlions of the airplane structure at the points
of attachmont roqulrcd that thc test spoed bo-kopt undor 100
milos per hour (Roynolds number = 8,400,000) and that the
pltching moments be low. The surface of the wing was painted
and sanded prior to the tests, giving an aerodynamically
clean but not highly polished surface. No attempt was made
to seal or fair the lnspection-hole covers, since it was

dosired to obtaln the drag of the airplane in the normal
flight configuration.

Since use of the airfoil mounting system necessitated
very low tost veloclities with the clovons deflected, due to
the low strength of the rear spar at the points of attach-
mont to the angle-of~attack links, tests of the aecroboost

CONPEDENTIRE
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system were made with the airplane mountcd on the normal

threc-strut airplane support system. A tail boom connecting
the airplane to the rear airplane support strut was substi-
tuted for the anglo-of-attaclk links, movement of thec roar
support strut controlling the anglc of attack. Duplicatec
tests were made with the airplane mounted as an airfoil-and
mounted on the thrce-strut support to assess thce tarc of the
tail boom.

The static aoroboost charactcrist%cs werce obtained by
holding various fixed angles of attack and varying the
valve position throughout its operating range. Forcc~-test
data, impact prcssure in tho scoop, static pressurc in the
cxit, pressurc differcential between the balanco chambers,
clcvon position, and valvo position werc rccorded for cach
valve setting. Hinge moments were determined by use of a
ground calibration of hinge moment against pressure differ-
ential between the balance chambers. For these tests the
follow-up mechanism wasvremoved.

Dynamic characteristics of the aeroboost system were

obtained with a pilot at the controls to obtain his reac-
tion to the aeroboost characﬁeristics and to determine the
effect on valve chatter of damping springs attached to the
valves. Tests were made at various angles of attack and
speeds with various damping springs on the valves (with the
follow-up mechanism in place) to study the valve-chatter

characteristics. Control response was also studiled at
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various speeds and attitudes.

Continuous osclllograph rccords were made of dynamic
characteristics of the aeroboogt system for various control
movements. A typical example of these records 1s prescented
in figure 4. Duec to bulkiness, the'complete records arc
not prosented in this report but arc retained in the Amos

Laboratory files.
RESULTS AND DISCUSSION

The test results presented in this report are in the
form of standard NACA cocfflcicnts which are dcfincd in
table II. The pitching moments arc referred to a conter of
gravity located 25 percont M.A.C. aft of tho M.A.C. loading
edge and 4.19 percent M.A.C. above thc root chord. All data
have been corrected for support tares, flow inclination,
tunnel-wall c¢ffects, and tail=boom cffect wherc the tail
boom was used.

The results of tests to evaluate the airplanc officione-
cy factor are presented in figure 5 for test speeds of 100
miles per hour (R = 8,400,000) and 80 miles per hour (R =
6,600,000). For thesc tests tho airplanc was in tho clcan
configuration with tho aoroboost scoops rcmoved and tho
cxits scaled (to corrcspond to previous flight-test con-
figurations). For a test spcod of 100 miles per hour, the
airplance officlency factor o 1s 0.80 over the fango of
1ift cocfficicnts tcsted. Whon the test speocd was reducced
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to 80 milcs per hour, the value of e was greater than
0,80 for lift coecfficicnts below 0.5 and lcss than 0.80 for
higher 1ift cocfficicnts. These values comparoc rcasonably
well with those for conventional airplanos.

The above data have bocn replotted in figurc 6 to a
minimum-drag scale. At a 1ift cocfficicnt of 0,1 {approx-
imatc high-specd lift cocfficicnt), drag cocfficicnts of
0.0129 and 0,0123 wcre measurcd for tost spocds of 100
milcs per hour and 80 miles per hour, respcctively.

An attempt was madc to determinc thec effoct of the
aeroboost scoops and exit slots on the lift, drag, and
pitching-moment characteristics of the airplanc. As shown
in figurc 7, thc scoop and cxit had 1little ceffcct on tho
lift and pitching—momént charactcristics. In figure 8 1t
will be noted that at a 1ift cocfficient of 0.1 thc scoops
produccd a drag-cocfficicnt increment of 00,0007, but that
unscaling the cxit slots rcduced the drag. It 1s probablo
that the drag reduction rcalized by opening thc slots was
duc to leckage through the acroboost valvo from scoops to
cxits, causing a rcduction in the drag of the scoops.

Figurcs 9(a) and 9(b) prcsent tho offect of clcvon de-
flection on the acrodynamic characteristics of the airplanc
and on thc general characterdstics of the acroboost systcm.

It is to be noted in figurc 9(b®) that a fully opon or
fully closed valvo gives only about ono-half the pressurc

differential betwocn the balance chambers that is available
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between scoop and exit. Visual observations taken during -
the tests indicated that practically the entire pressure
loss occurred within the valve as leakage between impact and
static ducts. PFurther evidences of valve inefflciency are
the differential pressures, indicated by the flagged symbols
of figure 9(b), which were obtained with the valve fully
closed and the impact passage to the lower balance chamber
sealed off. (Because of the inaccoessibility of tho passage
which directed static pressure to the valve‘for the upper
balance chamber, sealing off this passage would have re-
quired too much time; consequently, this modification was
not made.) The resulting pressure differential between the
balance chambers was 15 to 50 percent higher than was pre-
viously obtained. If it had been feasible to seal off the
static passage to the upper balance chambers, it is probable
that much greater gains would have becn realized.

An improved valve having no leakage and glving full
available pressure differential between the belance cham-
bers should give elevon deflections which could be approx-
imated by continuation of the curves of figure 9(b) to ths
point where the full availlable pressure exists between the
balance chambers. For airplane velocities within the normal
flight range, a summary is presented in figure 10 of (1)
clevon deflection requircd for longitudinal trim for level
flight with center of gravity located at 25 percent of the

mean aerodynamic chord, (2) elevon deflections attainable

!
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with tho prescnt acroboost system, and (3) alevon deflec-
tions which, it is estimatcd, would be obtainable if no
leakage occurred within the valve, 4is shown in figure 10,
with the prescnt acroboost approximately 7© wup clevon
and 10° down clevon can be realizcd beyond that requircd
for longitudinal trim for level flight throughout the
flight range; whereas, if leakage were eliminatcd in the
valves, approximatcly 12° up elevon and 18° down elevon
would be recalized beyond that requirecd for trim (c.g. at
25 percent M.4A.C.). The pilot can obtain greater doflec-
tion through the follow-up mechanism as previously de-
scribed.

The preliminary valvc-chatter tests indlcated that
the chatter was not scverc, and that it could be started
only at thc higher test speeds and for & very limited ele-
von-angle rangc. Since any amount of chatter is undesir-
able, an oattempt was madc to eliminate the chatter tenden-
cies by introduction of a valvc damping spring in the
acroboost system. It was observed that at cach airplane
attitude there was a test speed below which chattcer could
not be startcd and, further, that as the preload on the
damping spring was incrccsed tho minimum velocity for
chatter was increased. These test results arc shown graph-
ically in figure 11 where, for various valve springs, the
minimum speed for chatter is plotted against airplane 1ift
cocfficient. The intcrscctions of thess curves with the
level-flight curve (also shown in fig. 11) indicate the
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lowcst spceds at which chatter can be induced in level
flight. ¥With the groater spring preload, this speod was
ovor 145 miles per hour, a galn of more than 45 miles per
hour abovec the valuc for no spring. (The value of 145
miles per hour is arrived at from a conseorvative extrapo-
lation. Airplane structural limitations on tost spoed
preventoed tosting at sufficiently high velocity in the
tunnel to attain the minimum speed for chatter at low lift
cocfficients with spring 2 installed.) Based upon these
results 1t appcars that a valve spring with the proper
preload should removo any tondency for chattor, excopt
possibly at very high fllght speeds.

In the pilot's opinion the aeroboost wﬁs sufficiently
perfectod to allow flight tests of the NSM-2 without in-

curring any undue risk.
CONCLUDING REMNARKS

Tho alrplano efficlency factor for the NO9M-Z2 is not as
high as might be oxpected from a flying-wing design, but
compares reasonably well with the efficiency factors for
conventional design. Although the aeroboost system as
tosted appeared sufficiently perfected to allow flight
tecats of the NO9M«2 airplane in comparative safety, it is

felt thot an attempt should be made to eliminate the valve

leakago prior to flight tests,
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NSIONS OF THE WORTHROP NeM-2 AIRPIANE®

Wing area « « .+
Wing span « «+ +
Aspect ratio. .
Taper ratio ,

Root chord. .

Tip c¢hord « . . .

Grogs weight. « .

Wing loading, . .

PElevon chord aft of hinge line

Center of gravity .

Theorctical section. « . . .

Enlarged section .« « + « « + &

Theorotlcal section. . « .+ . .
ilean acrodynamic chord. . . . .
Dihcdral (at 25 percent chord)

Root chord to station 99 . . .

Station 90 to tip. « « « .« « &
Sweopback (at 25 percent chord) . .
Geomctric washout at wing tip . . .

°Elovon arca aft of hinge line (cach).

(constant)

490 sq ft
60 f't

7.4

4:1

13.08 £t

NACA ©65,3=019
NACA 65,3~024

3425 ft

HACA 65,3=-018
9.17 ft

20

30

219561

40

17.15 sq It
1.60 ft

. 6326 1b

12.9 1b por sq ft

. 25 percent M.A.C, aft of

M.A.C, lecading cdgo,

4,19 percent I.A.C. above

root chord

iDimensional data taken from Northrop Aircraft, Inc.,
drawing 506070 (drawn 11-7-41) cxccpt as notcd.
Moasurcd dimension or deduced from mcasurcd dimension.
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TABLE II.- COEFMICIENTS AND SYMBOLS roXl TILL
NORTIIROP W9OM-2 AIRPLANE

M

1ift cocfficicnt (L/qS)

drayz cocfficient (D/qs)

pitching-momont coefficicnt (M/qSc)

clevon hingc-moment cocfficient (H/qS.cq)

1ift, pounds

dray, pounds

nitching moment, foot-pounds

clevon hingc moment, foot-pounds. Posltive hinge mo=
mont tonds to doflcct clevon downward.

dynamic prcssure (%pva), pounds pcr squarc foot

wing arca = 490 squarc feot

mcan acrodynamic chord of wing = 9.17 fcct

arca of clcvon aft of hinge linc = 17.15 squarc fcct
cach

chord of clevon aft of hinge linc = 1.60 fcotb

impact pressurc in acroboost scoop, pounds pcr squarc
foot

static preossurc in acroboost cxit, pounds por square
foot

pressurc diffcerontial betweon upper and lower balanco
chambcrs, pounds per squarc foot

tcst Roynolds numbor bascd on mean acrodynanic

chord (pVc/iL)
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TABLE II.- CONICLUDED., NORTHROP NOM~-2 AIRPLAND

A

airplanc officloney factor , 1/TA
(dCD7dCLE>

aspcct ratio = 7.4 y

mass density, slugs poer cublc foot

veclocity, foct per sccond

viscosity, pound-scconds pcr squarc foot

corrccted anglo of attack of root chord, dogrecs

uncorrocted anglc of attack of root chord, degroees

clevon defloction, degreces. Positivoe dcflcction downe

ard.
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Pigure l.- Three-view draving of Torthrop IT19L-2 cirplonc.

Floure 2.- The Vorthrop VOii-2 airplenc mountod in the REYSEA
40~ by 80-foot tunncl. {(a) Tharcec-quarter front wvicew
iroa below. (b) Throc-quarter frent view fron ocdove.

Figere 3.- Lcroboost Aucting systoa ond control linkoge for
Yorthrop NOi-2 cirplonc. '

Ficurs 4.- Typical cxomple of osclillogroph rocords (reduccd)
of dynamic characteristics of acroboost agystem of Forthrop
¥OM-2 cirplonc.

Figur. 5.- Variction of drag coefficicnt with 1ift cocffi-
cient squorcd for Fforthrop ¥9I-2 cirplanc. Completo cir-
plene with scoops off cnd ¢xits scalud.

Tigurs Ge.-

urc on minimun drog cocf-
ficiunt :

G 3D e

Figure 7.- LZffscts of coroboost scoops cnd ¢xlits on acro-
dynamic choracteristics of Meorthrop FEM-2 cirplonc. .
Dynamic pressure, 15 1b/sq ft; Rcynolds numbcr, 6.6 x 107,

Figure 8.- Iffcet of rurobeoost scoops cnd oxits on minirum
drog of Horthrop 1% -2 ~irplancs. Jjmomic prossurc, 15

1o/sq ft; Roynolds numbor, 6.6 x 108,

Figurs 9.- Chorncteristics of the ccroboost systom ot varl-
ous rnglus of attack for Forthrop NOM-2 alrplanc.
() Cr, Cmy Chy Vs 8¢.

Hg - po 8D

’

Figuruv 9.- Concludecd. (b) Vclve position,
s &g+ Ulorthrop N9M-2 airplanc. q !

Figurc 10.- Compcrison of vlovon doflsction requircd for
trim, clevon dcflection cveileble with present ceroboost
systom, ond clevon defloction possiblc with no valve
lecliage for Northrop NOU-2 cirplunc.

Figurce 1l.- Effcct of acroboost velve springs on the mini-
rmam velocity ot which chotter occurrsd. Torthrop NOH-Z
oirolonc.
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Three-quarter Iront view from below.

NACA
A—-6644
10-27-44

(L) Three-quarter front view from above.

re 2.~ The Northrop LRM-2 alrplane mounted

<o

in the NACA 40~ by 80~foot tunnel.
~G-O-N-FHB-E- AL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY = MOFFETT FIELD, CALIF.
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exit flap exd: upper surface |
%ﬂoer‘ balance chamber
P s "2 selevon
/ T: + T

see detail

lower sur‘facej

Schematic diagram of aero-boost

ducting system
full close
e,
N

N

exit ﬂap oxid
% s detoul of valve
T
e idlers
00
%ﬁ linkage /\Q\e_von
cobles to -

‘ control columnp K // gf})‘\.valve
\ \\\\‘\ valve spring

Schematic diagram of aero poost
contrel |\'nkag€

Figure 3- Aero boost ducting system and control linkage for
Northrop NIM- 29 airplane.
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